In this paper, a model-based control algorithm is developed for a solenoid-valve system. Solenoids and butterfly valves have uncertainties in multiple parameters in the model, which make the system difficult to adjust to the environment. These are further complicated by combining the solenoid and butterfly dynamic models. The control objective of a solenoidvalve system is to position the angle of the butterfly valve through the electric-driven actuator in spite of the complexity presented by uncertainties. The novelty of the controller design is that the current source of the solenoid valve from the model of the electromagnetic force is substituted for the control input in order to reach the set-point of the butterfly disk based on the error signals, overcoming the uncertainties represented by lumped parameters groups, and a stable controller is designed via the Lyapunov-based approach for the stability of the system and obtaining the control objective. The parameter groups are updated by adaptation laws using a projection algorithm. Numerical simulation is shown to demonstrate good performance of the proposed approach. NOMENCLATURE J = the inertia moment [ 2 R C = bearing torque coefficient
INTRODUCTION
In order to achieve advanced automation in such systems as marine vessels, or ship-based machinery system, solenoid actuators and valves are often used because they are a critical part of the automation system which increases survivability and capability. The electric-driven solenoid-valve system and its sophisticated control can provide high levels of automation on large systems. The useful function of the solenoid-valve, once an electrical signal (current or voltage) is applied|, is to activate a mechanical motion such as displacement or rotation via the solenoid magnetic forces and torques [4] . The proportional solenoids normally require integrated electronics for position sensing in order to compensate for mechanical motion and nonlinearities like magnetic hysteresis [7] . Hydrodynamic torque of a butterfly valve is core knowledge of fluid valve system design [5] and it is known that most of the valves in real system have strongly nonlinear characteristics between the force and displacement [1] .
The use of an intelligent approach such as robust, adaptive, or optimal control of the actuator-valve machinery systems will benefit a wide spectrum of nonlinear systems. This approach will not only decrease the amount of costs and casualties, but also will increase the performance of the mechatronics system. To investigate the particular application, it is important to emphasize the nonlinear dynamic modeling, design and analysis, and control of such actuator-valve systems, because the accuracy and reliability of these systems depend highly on the mathematical system modeling and its validation. In [3] , the authors developed and analyzed the nonlinear dynamic model of a solenoid-valve system. This paper will focus on model-based nonlinear adaptive control of an actuator-butterfly valve. The solenoidvalve system is described based on exact model knowledge of the system. Figure 1 shows the integrated system, which consists of an electric-driven solenoid and a butterfly valve. The valve operates by solenoids which use magnetic coil to move a solenoid movable plunger connected with the valve stem by means of a gear train and linkage. The control input is designed by substituting the current signal from the model of the electromagnetic force, pulling the plunger, and then controlling the angular position of the butterfly valve. The system has uncertainties in multiple parameters in the dynamic model, which requests the system to continuously adjust to the environment and consequently requires adaptation for sustainability and capability. The integrated system is highly nonlinear in addition to its parameter uncertainties. Hence, an adaptive control method is proposed [6] and error signals of the set-point trajectory tracking are developed for the solenoidvalve system. A closed-loop stable controller is designed by introducing a Lyapunov-type stability analysis [8] based on the above error dynamics of the nonlinear solenoid-valve system, which yields a stable system. The numerical results in the simulation, which use the exact same controller design, show initial verification. Therefore simulation results showed "perfect" performance. Unless we use more sophisticated/accurate simulation model, or hardware in the loop simulation, simulation results don't mean anything.
MODEL-BASED NONLINEAR SYSTEM

System Model
The dynamic equations of motion of the plunger and butterfly valve are given by [3] tot c g c mag [3] for the torque coefficients). Solving the two equations in (1) with c F and substituting the magnetic force, mag F , into the equation yields
where the current rate of the solenoid actuator model, [3] and 2 1 and C C are obtained from [4] . For the subsequent controller design, the current source ) ( 2 t i is substituted for the system control input ) (t u , then the following equation is obtained:
Multiplying eq. (3) with the inverse term of the control input,
, yields a compact form of dynamic equation as
where lumped expression of the combined parameters are based on  due to their combination in the developed system matrices.
parameter value as shown in the Table 1 and the matrices are defined as follows.
Error Signals
The following set-point control approach is used. Let ) (t x d define the set-point trajectory and then the error can be defined as , e ,
are the first and second time derivatives of d x , and which are assumed to be bounded. Pre-multiplying ) ( t e  in the last error signal of (5) with
We define the filtered error signals as . e e r   (7) Then the time derivative of
and then substituting for where the time derivative of the inertia matrix is obtained as 
in which the error signals of the valve angle, ) (t e  , can be defined using the geometric relationship and where the definition of ) (t r in (7) is used in the second row, its first term e e r where the term, 
and the estimated parameter sets are given 
h h hˆ and , 1 1 r , , , , ,
Owing to the subsequent adaptation law, the time derivative of ) (t V yields the following upper bound as Remark The control law of (15) ensures the set-point error is bounded. Therefore, according to the analysis from (11) to (23) and the property of (4) which also enables the boundedness of ) (t e  in (5) and then, the set-point tracking error ) (t r in (8) is bounded. Therefore, we can conclude that all signals are bounded.
Adaptation Laws for Parameter Updates
The following is assumed to define the upper and lower bounds of each unknown parameters is the projection operator [6] and each parameter is adaptively updated using adaptation laws for online estimation of unknown parameter as follows: 
SIMULATION RESULTS
Based on the dynamic model in (4), a typical parameter set for this simulation is given by 
and the simulation results are provided here. More simulation results will be provided later for the responses of other parameters. The amount of variation of the unknown parameter sets, the upper and lower bounds, in the adaptive control method is 90% of their real values. The real values of the hydrodynamic torque coefficient and the ratio of the jet and flow velocities for the simulation are given as look-up tables which are borrowed from [2] . In TABLE 2 the desired set-point distances of the solenoid are given as  the above adaptive control approach shows better results.
The above adaptive control approach shows better results compared to the simulation results obtained from [3] using nonadaptive method which are shown in Figure 14 and Figure 15 , 
CONCLUSION
Based on the nonlinear dynamic model of a typical solenoid-valve system, an adaptive control approach is developed accounting for uncertainties in multiple parameters. The parameter estimation for the unknown bounded parameters is performed using a projection algorithm. A stable adaptive control approach is designed by introducing Lyapunov-type stability while obtaining the set-point control. Numerical simulation is demonstrated to verify the initial performance of the proposed approach. Thus, when compared to the nonadaptive method showing nonlinear phenomena, the responses of the plunger displacement and the valve rotating angle are quicker and smoother. Future work will be focused on illustrating the results in experiments or hardware in the loop.
APPENDIX A
Briefly introducing  W in (16) as follows: 
